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Description

The present invention relates to novel allylsilane
compound derivatives and a process for producing
same. Allylsilane compound derivatives are industrially
important as raw materials for functional polysilanes,
raw materials for functional silicones, raw materials for
functional silicone resins, or functional silane coupling
agents.

The following two processes are representative
processes used for the preparation of silane com-
pounds having functional organic groups. One of the
processes employs functional organic unsaturated
compounds and hydrosilane compounds as raw materi-
als and makes use of the hydrosilylation reaction with
platinum, organic peroxides and the like as catalysts. In
order to use this process, it is necessary that 1) unsatu-
rated compounds having the desired functional groups
should be present; 2) the desired functional groups
should not poison the catalysts used in the hydrosilyla-
tion reaction; 3) the desired functional groups should be
stable under the conditions of the hydrosilylation reac-
tion (for example, see |. Ojima, The Chemistry of Orga-
nosilicon compounds, Part Il (Editors Patai and
Rappoport), p. 1479, John Wiley & Sons, New York,
1989). Glycidoxypropyltrimethoxysilane, methacryloxy-
propyl-trimethoxysilane, and 3-chloropropyltrichlorosi-
lane are prepared based on this process by using,
respectively, allyl glycidyl ether and trimethoxysilane,
allyl methacrylate and trimethoxysilane, allyl chloride
and trichlorosilane as raw materials. The other process
uses functional organic metal compounds represented
by lithium reagents, Grignard reagents and the like to
introduce functional organic groups into chlorosilane,
alkoxysilane and other silicon compounds. In this case,
it is necessary that the functional organic metal com-
pounds having the desired functional groups should be
stable, and the functional organic metal compounds
should selectively react with the starting silicon com-
pounds. Because the functional organic metal com-
pounds used in this process are generally expensive, in
many cases it is inapplicable to the preparation of gen-
eral-purpose organic functional silicon compounds.
Many allylsilane compounds and alkinylsilane com-
pounds are prepared based on this process (for exam-
ple, see E. W. Colvin, Silicon Reagents in Organic
Synthesis, p. 39 - p. 46, Academic Press, London,
1988).

An additional process, which is not in common use,
is a process that employs organic silane compounds
having modifiable organic groups as raw materials and
makes use of reactions involving these organic groups.
In this third process, it is vital that the reaction of modifi-
cation of organic groups should proceed in a selective
manner and other portions of the organic silane com-
pounds should not be damaged under the reaction con-
ditions. For example, N-trimethoxysilylpropyl-N,N,N-
trimethylammonium can be prepared based on this
process by using 3-chloropropyltrimethoxysilane and tri-
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methylamine as raw materials.

Most functional silane compounds are commonly
prepared based on the above described first or second
process, and there are few examples of using the third
process. This is due to the damage to the other portions
of the starting organic silanes caused in many cased by
the modification reaction when this process is use.
However, if this process could be widely used, the types
and number of the functional silanes that could be cre-
ated would be greatly increased, which is why hopes
have been pinned on the development of various indus-
trial applications thereof to raw materials for functional
silicon polymers and organic silane reagents.

On the other hand, allyl groups bonded to silicon in
allyl functional silane compounds can be easily desi-
lylated by using nucleophilic reagents, and for this rea-
son, in many cases it is difficult to conduct selective
chemical modification of allyl groups without damaging
other portions, and there are few examples of such
modification. An example of chemical modification of
allyl groups of allylsilane compounds is given in a report
describing a reaction of addition of HBr and HI in the
presence of benzoyl peroxide (l1z. Akad. Nauk SSSR,
Ser. Khim. (1959) (10) 1862).

It is an object of the present invention to provide a
method for generating functional organic silicon com-
pounds which are difficult to obtain by conventional
methods. Another object is to obtain aforementioned
compounds by catalytic addition reactions that involve
allyl functional silanes. Still another object is to provide
a method for obtaining aforementioned compounds by
conducting catalytic chemical modifications of the dou-
ble carbon-carbon bonds in allyl groups without causing
desilylation.

These and other objects will become apparent after
the consideration of the ensuing description with practi-
cal examples.

The present invention is a new and novel composi-
tion comprising (ACH,CHXCH,)R,,SiCl;_,, where R is
independently a saturated or unsaturated hydrocarbon
group having from 1 to 8 carbon atoms, and n repre-
sents an integer from 0 to 3, X is either H or Cl, and A is
YS, YC(=0)S, or CCl3, where Y is a phenyl group or a
saturated hydrocarbon group having from 1 to 8 carbon
atoms. This compound is a result of the reaction product
of (1) (CH,=CH-CH>-)R,SiCl3_, and (ll) AX, wherein Ris
independently a saturated or unsaturated hydrocarbon
group having from 1 to 8 carbon atoms, and n repre-
sents an integer from 0 to 3, and AX is either a mer-
captan, a thiocarbocylic acid, carbon tetrachloride or
chloroform. The reaction takes place in the presence of
a radical generating agent.

The authors of the present invention have discov-
ered a process in which allylsilane compounds are
reacted with specific substrates in the presence of free
radical initiators to achieve a chemical modification of
the allyl groups bonded to silicon. Because in this reac-
tion the radicals produced by the free radical initiators
act as catalysts for the addition reaction involving the
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allyl groups, they can be added in catalytic amounts rel-
ative to the substrate or the allylsilane compound.

The present invention is a process for preparing
allylsilane compound derivatives, in which allyl silane
compounds represented by the general formula (1) indi-
cated below:

(CHy=CH-CH,-)R,,SiCls.,, (1)

(in the formula, R represents, independently of each
other, saturated or unsaturated hydrocarbon groups
with a carbon number of 1 to 8, and n represents a inte-
ger from 0 to 3) are reacted with special reaction sub-
strates, (ll) AX (where AX stands for mercaptans,
thiocarboxylic acids, carbon tetrachloride, or chloro-
form, the letter X represents, respectively, a hydrogen
atom bonded to sulfur in the case of mercaptans and
thiocarboxylic acids, chlorine in the case of carbon tet-
rachloride, and a hydrogen atom in the case of chloro-
form, and the letter A represents a residual group
bonded to X) in the presence of radical generating
agents, with the derivatives, represented by the general
formula indicated below (in the formula, R, n, A and X
have the same meaning as above), having a structure in
which the AX are added across the unsaturated bonds
of allyl groups.

(ACHoCHXCHo)R,,SICls.

Mercaptans (YSH, A=YS, X=H, Y stands for a satu-
rated hydrocarbon group with a carbon number of 1 to 8,
or a phenyl group), thiocarboxylic acids (YC(=O)SH,
A=YC(=0)S, X=H, Y stands for saturated hydrocarbon
groups with a carbon number of 1 to 8 or a phenyl
group), carbon tetrachloride (CCl,, A=CCl3, X=Cl), and
chloroform (CHCI3, A=CCl;, X=H) can be cited as
examples of the AX substrate that can be used in the
present invention.

As for specific examples of mercaptans and thiocar-
boxylic acids, methyl mercaptan, ethyl mercaptan, n-
propyl mercaptan, isopropyl mercaptan, n-butyl mer-
captan, n-pentyl mercaptan, neopentyl mercaptan, n-
hexyl mercaptan, n-heptyl mercaptan, n-octyl mer-
captan, and thiophenol can be suggested a mer-
captans, and thio acetic acid, thiopropionic acid,
thiohexanoic acid, and thiobenzioic acid can be sug-
gested as thiocarboxylic acids. Among them, n-propyl
mercaptan, thiophenol and thio acetic acid are prefera-
ble.

Allyltrichlorosilane, allylmethyldichlorosilane, allylt-
rimethylsilane, allylethyldichlorosilane, allylmethylethyl-
chlorosilane, allyldiethylchlorosilane, allylhexyldichloro-
silane, allylphenyldichlorosilane, allyldiphenylchlorosi-
lane, and allyltriephenylsilane can be cited as examples
of allylsilane compounds. Among them, allylmethyl-
dichlorosilane is preferable.

There are no particular limitations concerning the
radical generating agents used in the present invention
as long as their decomposition temperature is higher
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than room temperature and lower than the decomposi-
tion temperature of the products and reagents used in
the present invention. However, diacyl peroxides repre-
sented by benzoyl peroxide, lauroyl peroxide, and chlo-
robenzoyl peroxide, dialkyl peroxides represented by
di(t-butyl) peroxide, and azo compounds represented by
azobisisobutylonitrile and azobiscyanopentanoic acid,
are preferable from the standpoint of availability, safety
of decomposition products and handling. The required
amount of the added radical generating agents is in the
range from 0.0001 to 0.1 in terms of mole ratio with
respect to the substrate. However, from the standpoint
of the rate of reaction and economic efficiency, it is pref-
erable for the amount to be in the range from 0.001 to
0.01.

The present reaction can be conducted without a
solvent, otherwise, the reaction can be conducted in a
solvent by using a solvent that is highly stable with
respect to the radical reaction in comparison with the
substrate of the present reaction and does not react
with the substrate, for example, saturated hydrocar-
bons, benzene and the like.

It is appropriate to conduct the reaction at a temper-
ature of from 50 °C to 250 °C, but it is preferable to con-
duct it at a temperature of from 60 °C to 80 °C provided
that the reaction time is not too long, the reaction is easy
to control, and the decomposition of the products does
not occur. The produced allylsilane compounds with
added functional groups can be separated from the
reaction mixture directly by using distillation.

Application Examples

Below, the present invention is explained in detail
by referring to application examples. However, the
present invention is not limited to them.

In addition, "H-nmr, "3C{'H}-nmr, 2°Si{'H}-nmr in
the descriptions of the characterization of the products
in the examples shown below represent, respectively,
proton nuclear magnetic resonance spectra, carbon-13
nuclear magnetic resonance spectra (proton decou-
pling), and silicon-29 nuclear magnetic resonance spec-
tra (proton decoupling). CDCl; represents heavy
chloroform. The letters s, d, t, m and br shown in the
representation of the date of the proton nuclear mag-
netic resonance spectra represent, respectively, sin-
glets, doublets, triplets, multiplets and broad peaks. 1H,
2H, 3H and the like mean, respectively, spectral inten-
sity equivalent to 1, 2 and 3 protons. J designates the
spin-spin coupling constant (unit: Hertz). As for the
chemical shift of the nuclear magnetic resonance spec-
tra, in proton NMR, it is a value obtained with chloroform
at 7.24 ppm, in carbon-13 NMR, it is a value obtained
with chloroform at 77 ppm, and in silicon-29 NMR it is a
value obtained using tetramethyl silane as a external
standard and setting it to 0 ppm. GC-MS represents gas
chromatography-mass spectrometry.

The allylsilane compounds used in the present
application examples were commercially available com-
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pounds or compounds synthesized by using well-known
methods.

Application Example 1

(Preparation of 3-(phenylthio) propyl (methyl) dichlorosi-
lane)

26.8 g thiophenol, 18.8 g allyl (methyl) dichlorosi-
lane and 0.60 mg azobisisobutylonitrile were put in a
100-mL three-neck flask that had been subjected to
nitrogen substitution and the mixture was heated at
60°C for 5 hours. After the reaction, the product was dis-
tilled under reduced pressure, obtaining 3-(thiophenyl)
propyl (methyl) dichlorosilane with a 88% yield.

Analytic results: 3-(thiophenyl) propyl (methyl)
dichlorosilane:

Colorless transparant liquid;

b. p 95-97°C/0.05 mmHg;

MS (70 eV) m/e (%) 266 (19.9, M* +2), 264 (27.4,
M*), 123 (100), 113 (71.4), 47 (54.3);

"H-NMR (CDCls, &), 0.76 (s, 3H), 1.25~1.35 (m,
2H), 1.90~1.95 (m, 2H), 2.98 (t, J= 6.6 Hz, 2H),
7.30~7.40 (m, 5H);

13C-NMR (CDCl,, 8) 5.1, 20.6, 22.2, 36.1, 126.1,
128.9, 129.5, 135.9;

298i-NMR (CDCls, &) 32.4.

Application Example 2

(Preparation of propyl (3-methyldichlorosilyl) propyl)
sulfide)

26.4 g n-propyl mercaptan, 12.6 g allyldichlo-
romethylsilane and 0.32 mg azobisisobutylonitrile were
put in a 50-mL three-neck flask that had been subjected
to nitrogen substitution and the mixture was heated at
60°C for 4 hours. The product was distilled under
reduced pressure, obtaining propyl (3-methyldichlorosi-
lyl) propyl) sulfide with a 77% yield.

Analytic results: propyl (3-methyldichlorosilyl) pro-
pyl sulfide:

Colorless transparent liquid;

b.p 63~65°C/ 0.05 mmHg;

MS (70 ev) m/e (%) 232 (11.4, M* +2), 230 (15.9,
M*), 113 (66.5), 89 (100);

"H-NMR (CDCls, &) 0.69 (s, 3H), 0.9 (t, J=7.5 Hz,
3H), 1.13~1.18 (m, 2H), 1.45~1.58 (m, 2H),
1.64~1.78 (m, 2H), 2.39 (t, J=7.5 Hz, 2H), 2.48 (t,
J=7.0 Hz, 2H);

3C-NMR (CDCl;, &) 5.0, 13.2, 20.5, 22.4, 22.7,
33.7, 34.1;

298i-NMR (CDCls, 5) 32.4.-

(Preparation of 3-methyldichlorosilyl)propyl thioacetate)

26.0 g thioacetic acid, 18.4 g allyldichloromethylsi-
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lane and 0.31 mg azobisisobutylonitrile were put in a
500-mL three-neck flask that had been subjected to
nitrogen substitution and the mixture was heated at
60°C for 5 hours. The product was distilled under
reduced pressure, obtaining 3-(methyldichlorosilyl)pro-
pyl thioacetate with a 81% yield.

Analytic results: 3-(methyldichlorosilyl)propyl thioa-
cetate:

Red liquid;

b.p 68~69°C/0.1 mmHg;

MS (70 ev) m/e (%) 232 (0.2, M* +2), 230 (0.3, M*),
152 (6.3), 113 (10.4), 45 (100);

"H-NMR (CDCls, 8), 0.86 (s, 3H), 1.10~1.20 (m,
2H), 1.65~1.70 (m, 2H), 2.23 (s, 3H) 2.80~2.83 (m,
2H);

3C-NMR (CDCl3, &) 4.8, 20.5, 22.7, 30.3, 30.9,
194, 8;

298i-NMR (CDCl3, ) 32.0.

Application Example 4

(Preparation of 2,4,4,4-tetrachlorobutyl (methyl) dichlo-
rosilane)

30.7 g carbon tetrachloride, 7.7 g allyldichlorometh-
ylsilane and 0.96 mg benzoyl peroxide were put in a
500-mL three-neck flask that had been subjected to
nitrogen substitution and the mixture was heated at
80°C for 4 hours. The product was distilled under
reduced pressure, obtaining 2,4,4,4-tetrachlorobutyl
(methyl) dichlorosilane with a 54% yield.

Analytic results: 2,4,4,4-tetrachlorobutyl (methyl)
dichlorosilane:

Colorless transparent liquid;

b.p 72~73°C/0.05 mmHg;

MS (70 ev) m/e (%) 271 (0.6, M* -35), 235 (2.9),
175 (28.1), 113 (100);

"H-NMR (CDCls, 8), 0.88 (s, 3H), 1.81~2.01 (m,
2H), 3.11~3.34 (m, 2H), 4.48~4.56 (m, 1H);
13C-NMR (CDCls, 8) 5.5, 31.9, 51.2, 62.2, 94.4;
298i-NMR (CDCls, &) 28.3.

Application Example 5

(Preparation of 4,4,4-trichlorobutyl (methyl) dichlorosi-
lane)

34.6 g chloroform, 4.72 g allyldichloromethylsilane
and 0.65 mg benzoyl peroxide were put in a 50-mL
three-neck flask that had been subjected to nitrogen
substitution and the mixture was heated at 60°C for 27
hours. The product was distilled under reduced pres-
sure, obtaining 4,4,4-trichlorobutyl (methyl) dichlorosi-
lane with a 24% yield.

Analytic results: 4,4,4-trichlorobutyl (methyl) dichlo-
rosilane:



7 EP 0 812 848 A2 8

Colorless transparent liquid;

b.p 63~65°C/0.05 mmHg;

MS (70 ev) m/e (%) 257 (1.2, M* -15), 201 (5.9),
141 (24.4), 113 (100);

"H-NMR (CDCls, &), 0.61 (s, 3H), 1.00~1.06 (m,
2H), 1.76~1.82 (m, 2H), 2.52~2.57 (m, 2H);
13C-NMR (CDCl3, 8) 4.6, 19.2, 19.7, 56.5, 98.5;
298i-NMR (CDCls, &) 31.8.

Thus it has been shown that the present invention
makes possible the preparation of allylsilane compound
derivatives that are industrially important as raw materi-
als for functional polysilanes, raw materials for func-
tional silicones, raw materials for functional silicone
resins, or functional silane coupling agents with high
selectivity and high efficiency by adding readily industri-
ally available inorganic or organic substrates to the allyl
groups of allyl functional silane compounds by using a
reaction, in which radical generating agents are
employed as catalysts.

Claims
1. A compound corresponding to the formula
(ACH,CHXCH,)R,SiCl3_,

where R is independently a saturated or unsatu-
rated hydrocarbon group having from 1 to 8 carbon
atoms, and n represents an integer from 0 to 3, Xis
either H or Cl, and A is YS, YC(=O)S, or CCls,
where Y is a phenyl group or a saturated hydrocar-
bon group having from 1 to 8 carbon atoms.

2. A composition comprising a compound according
to claim 1.

3. A method for preparing a compound corresponding
to the formula (ACH,CHXCH,)R,SiCl;_,, compris-
ing

reacting
(CH, =CH-CH)R,SiCl5_, I
and
AX Il

wherein R is independently a saturated or unsatu-
rated hydrocarbon group having from 1 to 8 carbon
atoms, and n represents an integer from 0 to 3 and
AXis either a mercaptan, a thiocarboxylic acid, car-
bon tetrachloride or chloroform in presence of a
radical generating agent.

4. The method of claim 3 in which the compound rep-
resented by formula (l) is allylmethyldichlorosilane
and the compounds represented by (ll) are either
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PhSH, where Ph represents a phenyl group,
C3H7SH, CH3COSH, CC|4 or CHC|3
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